hybrid 46-pole undulator (wavelength range of 0.3 to 1.8 Å) were used simultaneously to further enhance the x-ray intensity at the crystal. Single x-ray pulses were isolated with a microsecond shutter train (14) from the ESRF storage ring operating in single-bunch mode at a machine current of 15 mA. Laue diffraction intensities were collected on an image-intensified charge-coupled device detector ( Thompson; ESRF). To minimize systematic errors such as those related to x-ray absorption, we collected a dark data set for each crystal in addition to the photoexcited data sets. Data sets consist of 30 images taken at crystal angular settings separated by 2°through a range of 60°. Each image is a composite of 10 150-ps exposures accumulated on the detector before readout, to enhance the relatively weak diffraction data collected in single-bunch mode. No significant radiation damage was detected over the course of data collection. Data were reduced and scaled with the LaueView software package (28) . Laue reflections stimulated by several energies (multiples) were successfully deconvoluted and included in the final data set, which improved the completeness at low resolution and the overall redundancy. 18 . Extent of photoinitiation. Optical thickness directly affects the extent of photoexcitation in the crystal.
Crystals that are too thick will have a lower extent of photoinitiation and a highly nonuniform excitation throughout their volume (9) . With 7-ns laser pulses at longer wavelengths, the possibility of photoexcitation of molecules in the [pR] state is encountered, which may stimulate reisomerization of the [pR] state back to pG. We demonstrated ( V. Šrajer and B. Perman, unpublished results) that the photocycle can be successfully initiated in the crystal under our experimental conditions, and estimate that 12% of the molecules are converted to the [pB] state. 19. Crystallographic refinement. The 1-ns model was refined against the Laue data limited to 1.9 Å resolution to minimize the influence of error in the integrated intensities at higher resolutions, for which I/ I is low. All refinement processes used X-PLOR, version 3.851 (29) . The crystallographic refinement was restricted to only those residues that, according to inspection of the F 1 ns -F dark difference Fourier map and of several simulated annealing (SA) omit maps, appear to move in response to photoinitiation. The atomic positions refined are those of the chromophore; the three proximal residues Pro . Once these atoms were identified, a difference refinement strategy (30) was used in least-squares minimization of the residual between observed and calculated differences in structure factor amplitudes. This approach gave improved estimates of structural differences by reducing model-error terms. The chromophore refinement parameters incorporate information on the energetics of isomerization of the vinyl bond and charge distribution across the conjugated system of the chromophore (F. Zhou and P. Bash, personal communication). The energy function for rotation about the vinyl bond is given by E DIHEDRAL ϭ k 180 (1 -cos␦) ϩ k 0 (1 ϩ cos␦), where ␦ is the phase shift angle, k 180 ϭ 750 kcal mol -1 rad -2 for the trans conformer ( i ϭ 180°), and k 0 ϭ 500 kcal mol -1 rad -2 for the cis conformer ( i ϭ 0°). This relationship gives a two-well sinusoidal potential surface for isomerization about the vinyl bond that has wells of different depths. The deeper well is centered at 180°and corresponds to the trans conformer; the shallow well is centered at 0°and corresponds to the cis conformer. Difference refinement and inspection of SA omit maps were repeated for several occupancy values (10, 15, and 20%) for the extent of photoinitiation in crystals in the range anticipated from microspectroscopic measurements (18 The inner ear is a complex structure requiring a large repertoire of genes to orchestrate sound acquisition and vestibular function on many levels, including neuronal innervation, structural integrity, and mechanoelectrical transduction. Although as many as 100 genes may be involved (1), only a small number of genes have been identified that cause nonsyndromic hearing loss: human connexin 26 (GJB2) (2), human myosin VIIA (MYO7A) (3), human diaphanous (4), and mouse myosin VI (Myo6) (5). Another POU-domain transcription factor, POU3F4 (POU domain, class 3, transcription factor 4), causes human X-linked mixed deafness, DFN3 (6). We are studying the genetic basis of progressive hearing loss in an Israeli Jewish family. The family traces its ancestry to Italy and to subsequent migrations through various North African and Middle Eastern countries, including Tunisia, Libya, and Egypt, with branches of the family now living in Israel, the United States, and Belgium (7). Five generations demonstrate autosomal dominant inheritance of progressive deafness (Fig. 1A) . The earliest record (Fig. 1A) (10) . Critical meiotic recombination events were detected in affected individuals 518 and 515 and unaffected individuals 511 and 502. Individual 505 is hearing impaired, but he did not inherit any portion of the DFNA15-linked haplotype otherwise segregating with deafness in the family (Fig. 1A) . (11) .
Because few large families have inherited hearing loss, and because of the inaccessibility of the human ear, the mouse has proved to be an invaluable model for gaining access to deafness genes and studying human hearing loss. More than 60 mouse mutations exist with defects in the inner ear (12) . The structure and function of the inner ear is similar between the two organisms, and the genomic organization is very well conserved. The first genes responsible for autosomal recessive deafness were initially identified in the mouse, demonstrating the value of the mouse for identifying and studying human deafness genes (5, 13) .
To identify candidate genes in the DFNA15-linked region, we noted that the POU-domain transcription factor POU4F3 (POU domain, class 4, transcription factor 3; GenBank accession numbers U10060 and U10061) might lie on 5q, on the basis of the localization of mouse Pou4f3 (also referred to as Brn3c and Brn-3.1; GenBank accession number S69352) and the homology of human chromosomes 5 and 18 and mouse chromosome 18 (14) . POU4F3 was an excellent candidate for a gene causing human deafness, because targeted deletion of both alleles of Pou4f3 causes complete deafness in mice (15, 16) . To map POU4F3 more precisely, we synthesized primers for the human POU4F3 cDNA sequence and used these to amplify pools of the CEPH3 yeast artificial chromosome (YAC) library (Research Genetics). POU4F3 primers amplified DNA from YACs 959E5 and 929D3 (1610 and 1720 kb, respectively), both of which were also amplified by markers D5S436 and D5S210. Because these markers were linked to deafness in Family H (Fig. 1A) , POU4F3 must lie within the DFNA15-linked region (Fig. 1C) .
To screen for POU4F3 mutations in Family H, we designed primers to amplify and sequence the entire coding region; these primers revealed an 8-base pair (bp) deletion in exon 2 (Fig. 2) (17) . The predicted result of this deletion is a frame shift beginning at codon 295 and a premature translation stop at position 299. The deletion segregated perfectly with the DFNA15-linked haplotype (Fig. 1A) ; all deaf individuals with the linked haplotype carried the mutation, and all unaffected relatives older than age 40 in Family H carried the wild-type POU4F3 sequence. However, deaf individual 505 did not inherit either the DFNA15-linked haplotype or the POU4F3 deletion, which suggests that he is a phenocopy of the deafness caused by this deletion of POU4F3 (8).
To determine whether the 8-bp deletion occurs in the hearing population, we tested 114 unrelated individuals of various North African and Middle Eastern Jewish ancestries for the mutation (18) . These individuals were selected to represent the contri- POU4F3 is not expressed in human brain, heart, placenta, skeletal muscle, lung, liver, kidney, pancreas, or lymphoblast tissues evaluated by Northern (RNA) blot analysis (19). Nor were any POU4F3 expressed sequence tags (ESTs) identified in human libraries found in public databases. We examined POU4F3 RNA expression in human fetal tissues by means of reverse transcription polymerase chain reaction (RT-PCR) with PCR primers from exon 1 and 2 spanning the intron (20) . Complementary DNA amplification was only detected in fetal cochlea. This expression pattern corresponds to that observed in the mouse; namely, Pou4f3 is highly expressed in inner ear hair cells, but only in very defined regions of the brain and not in non-neural tissues including liver, kidney, heart, and skeletal muscle (15, 16, 21) . Exclusive POU4F3 expression in the human cochlea is consistent with the underlying cause of nonsyndromic deafness in Family H.
POU4F3 is a member of the family of POU transcription factors, a group of proteins identified by a well-conserved bipartite domain (22) . The POU domain consists of a 75-to 82-amino acid NH 2 -terminal region, the POU-specific domain, and a ϳ60-amino acid COOH-terminal region, the POU homeodomain. A large number of these proteins have been identified in humans, mice, Drosophila, C. elegans, Xenopus, and zebrafish, and are involved in development. In particular, they are known to be involved in terminal differentiation of neuronal cell types. The POU-specific domain is unique to this family of transcription factors, whereas the POU homeodomain is related to other DNA-binding homeodomains involved in developmental regulation. Binding to a 9-bp recognition site, ATAATTAAT, the POU-specific domain contacts the 5Ј portion of this site and the POU homeodomain contacts the 3Ј portion (23). However, unlike most homeodomain proteins, the POU homeodomain does not direct high-affinity binding of the POUdomain protein to its DNA target sites on its own, but requires the POU-specific domain for efficient recognition of response elements (24) .
Targeted deletion of the Pou4f3 gene leads to vestibular dysfunction and profound deafness in mice (15, 16) . At postnatal day 14, around the time mice begin to hear, neither hair cells nor supporting cells are present. Furthermore, there is extensive neuronal degeneration in inner ear sensory ganglia. These ganglia house the cell bodies of sensory neurons within the cochlea and vestibular apparatus; the hair cells of each portion of the inner ear receive primary afferent endings from these neurons, which send axons through the auditory nerve to the central nervous system (25) . As is evident from the Pou4f3 null mice, this transcription factor is required for the terminal differentiation and trophic support of sensorineural cells.
In Family H, the deletion removes the 3Ј portion of this POU transcription factor crucial for high-affinity binding to DNA. Because the deletion occurs in the final coding exon, it is possible that the transcript is translated (26) . If so, the POU4F3 mutant peptide would be truncated at 298 amino acids rather than the normal 338 amino acids. The mutant protein would terminate at the end of the first helix, thereby removing the second and third helices of the POU homeodomain. The third helix, referred to as the recognition helix, makes base contacts with the 3Ј half of the DNA complex subsite in the major groove of the DNA (27) . A truncated protein, therefore, may not be able to bind the "right half" of the POU recognition sequence, and thus the binding of this transcription factor would be compromised. The first amino acid lost as a result of the 8-bp deletion in Family H is an isoleucine; this residue is responsible for another member of the class IV POU-domain factors, Pou4f2, acting as a repressor (28) . Its loss may prevent POU4F3 from repressing the transcription of target genes crucial for hair cell function. The truncated peptide may also have novel DNA binding properties or may act as a dominant negative mutation by pairing with other POU transcription factors (29) . Alternatively, haploinsufficiency of POU4F3 may down-regulate genes responsible for hair cell survival, causing a progressive loss of hair cells that is clinically significant only after extended time. However, brainstem-evoked responses have been evaluated in Pou4f3 knockout mice up to 24 months of age. The hearing of ϩ/-animals is indistinguishable from that of ϩ/ϩ animals (30) . These experiments suggest that haploinsufficiency of POU4F3 is not an explanation for the deafness phenotype in Family H.
Screening for mutations in the POU4F3 gene is facilitated by its small size, and so it will be straightforward to determine whether mutations in this gene are responsible for deafness in other families. To facilitate testing of POU4F3 mutations in genomic DNA, we sequenced the genomic region encompassing both POU4F3 exons, 5Ј and 3Ј sequences, and the intron (GenBank accession numbers AF044575 and AF043452). Nearly half the general population loses part or all of their ability to hear by age 80, with a substantial loss in understanding of speech by age 65 (1). Defining the molecular events leading to deafness may form the basis for new ways to help the hearing-impaired population. (Fig. 1B) . The low-frequency hearing loss progressed with increasing age. Three individuals-504, 505, and 516-were tested further, including otologic examination, speech audiometry and immitance testing (tympanometry and acoustic reflexes), auditory evoked potentials [auditory brainstem response (ABR)], and computerized static posturography. The results suggested that all three individuals had some vestibular dysfunction. However, individual 505 also had evidence of otosclerosis, leading to conductive hearing loss. The ABRs of individuals 504 and 516 were normal with respect to latency and shape at thresholds of 95 to 105 dB. The ABR of individual 505 showed prolonged brainstem transmission time, prolonged absolute latencies of the V th peak, and absence of stapedial reflex; also, the sensorineural hearing loss thresholds were not identical in both ears (at 250 to 1000 Hz, the left-ear component was mild, whereas the right-ear component was moderate to severe). The hearing loss was bilateral in all other affected individuals.
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